AMMONIA EXCRETION. The amounts of ammonia excreted hourly by thirty subjects of various races, were estimated by Malfatti's method. In most cases daily amounts, for a week or longer, were also estimated using both Malfatti's and Folin's methods. The former method estimates the ammonia of any amino-acids in the urine in addition. Folin's method was not used in my previous paper [1919] , but the results obtained with it corresponded with the results recorded by Malfatti's method, as will be seen from Table I , which shows typical examples of average figures from individuals on their usual diets, mixed or vegetarian, siifailar to those described in the previous paper. In some cases the average figures for ammonia excreted daily were normal; in others, e.g. Chinese II and Tamil IV, the figures were high, due allowance being made for the diets and the total nitrogen excretions. Typical examples of all the figures obtained for ammonia excreted hourly are given in Tables II, III and IV. In Charts I, II and III the results, arranged in the form of curves, cover various periods of time continuous for about four days.
On a total nitrogen excretion of about 8 g. the average daily amount of ammonia nitrogen excreted by a normal person is usually stated to be between 05 g. and 055 g., if Malfatti's mnethod of estimation be used; this gives [1919] in which the reaction of the urine is expressed as so much per cent. alkali or so much per cent. acid.
Attention is now directed to the hourly variations in amount of ammonia excreted when the average was distinctly higher than the normal, that is about 30 mg. As seen in Tables II, III The main object of the hourly estimations was to endeavour to determine whether the ammonia was excreted in greater quantity during the hours of the day when individuals were most exposed to the effects of the climate.
This was not found to be the case. The average hourly ammonia excreted during the period of sleep at night was practically the same as that for the whole day (Charts I, II and III). The total amount for any period of eight consecutive hours of the day was not materially different from that for another period of the same duration. Nevertheless, it must be stated, that the highest daily amounts of ammonia, in all my cases covering a period of six years, were excreted by those who were, during their work, most exposed to the effects of the climate; they included bakers, rubber estate coolies and rickshaw runners [1918] . In other countries large amounts of ammonia have been detected in the urine of soldiers [Hammarsten and Hedin, 1914] . Koizumi [1919] has found that muscular work at raised temperature causes an increase of urinary ammonia of rabbits.
The subjects described in the present paper attended the medical school, most of them living at the school hostel. Sometimes they showed quite normal amounts of ammonia; at other times there was a distinct increase, the increase lasting sometimes only one day, sometimes several days and sometimes a week, the diet, general routine and total nitrogen excretion remaining almost constant. The average increase for those on a mixed diet and with a total nitrogen excretion of 8 g. was from 23 mg. ammonia nitrogen per hour to 33 mg. per hour. These variations may be normal, but I do not think that such marked variations in the daily ammonia have been noted before in apparently normal individuals, on a constant and customary diet, mainly vegetarian in nature, as taken by most of my subjects. ' An increase was observed just as frequently in the strict vegetarians as in those using a mixed diet, the absolute quantities of ammonia being of course lower for the vegetarians. It is noteworthy that my subjects appeared to avoid an acidproducing diet. It was considered that some tropical disease might be responsible, since the high figures resembled those for ammonia excretion in febrile diseases, as described in text books of clinical medicine. Malaria was the only disease of which a history was obtained in a fair number of my subjects; and these did not excrete large amounts more frequently than those without a history of malaria.
In Table I details of the total acidity as arranged by Palmer and Henderson [quoted by Cole, 1919] are given; the figures show that the total acidity was distinctly high in some cases, indicating an acidosis. As in Europe the acidity, generally speaking, varied directly with the total nitrogen. Also the urine was acid on a mixed diet and alkaline on a vegetable diet (see Table I , acidity, Leathes' method). In Europe the volume of the urine is stated to vary inversely as the acidity; but in Singapore the volume more often varied directly as the acidity (see Tables II, III, IV, and Charts I, II and III) . Many of the subjects showed that large quantities of water were lost by perspiration, the amount of urine voided being much less than the amount of fluid swallowed. It is evident that a good deal of acid must have been removed by sweat, since perspiration is known to lower the acidity of the urine. Diminution of sweat in a climate like that of Singapore would evidently cause an acidosis.
THE ALKALINE TIDE.
Recently Leathes [1919] stated "... . the traditional ascription of the alkaline tide to the secretion of hydrochloric acid in the stomach appears to be erroneous. An intense alkaline tide is normal in the morning when no food is taken; alkaline tides after other meals than the first in the day are certainly not the rule, and in the experience of the writer do not occur. It is not even a priori probable that they should, since the passage of acid from the stomach is the signal for the secretion of alkaline digestive juices into the small intestine and for absorption into the blood from the intestine to begin." Leathes holds that the matutinal alkaline tide is accounted for by depression of the respiratory centre during sleep and increased activity on waking and some time later, so that in this way acid is removed by the lungs and not by the urine to the usual extent.
My results in Singapore were quite different from those of Leathes, and certainly confirmed the traditional ascription of the alkaline tide to the secretion of hydrochloric acid. I found that an alkaline tide, although not constant, was the rule about three hours after any meal in Singapore. I employed the method for estimation of alkalinity and acidity described by Leathes in his paper, the reaction of the urine being given as so much per cent. alkali or so much per cent. acid. The subjects were selected from those employed in the first part of this research. Some of them took meals as in Europe about 8 a.m., 1 p.m., and 7.30 p.m., with light tea (tea, bread and butter) about 6.30 a.m. and 4.30 p.m.; others, as was their custom, took large meals about 11 a.m. and 7 p.m. with small meals about 6 a.m. and 4.30 p.m.
My figures for subjects under normal conditions may be summarised as follows. In 100 cases a matutinal tide was possible; in 68 cases it was present (68 %); in 32 cases it was absent. In 78 cases a tide was possible after the midday meal and evening meal; in 57 it was present (73 %); whilst in 34 out of these 57 occasions the tide was better marked than the corresponding matutinal tide. These points are illustrated in Charts I, II and III, and in Tables II, III and IV. It will be observed that the tides appeared also in those subjects who excreted large amounts of ammonia. In these Tables and Charts I have stated the quantities of fluid swallowed and the quantities of urine voided.
In another series of experiments no food was taken in the morning before 11 a.m. Although in some cases the matutinal tide still appeared, it was absent in the majority (80 %) of cases. On the other hand Leathes found that a tide is still present if no food is taken in the morning. It is well known that acid is sometimes present in the stomach when there is no food there. It is likely that acid might appear at the customary time, if food be only occasionally omitted, and thus cause an alkaline tide.
It was noted that in a European subject in Singapore the tide was often absent after lunch if work was commenced soon after the meal; but it was present if two hours' interval was taken. This was the custom for the Asiatics, who rested between 11 a.m. and 1 p.m., taking lunch between 11 a.m. and 12 noon.
I repeated Leathes' experiments with hyperpnoea and found that hyperpnoea readily made the urine alkaline as he points out; but hyperpnoea was not responsible for the tides in Singapore, some of my subjects breathing quietly and slowly all day, in fact being half asleep during the experiment.
My results resembled the conclusions of Hasselbalch whom Leathes quotes: "After each meal the urine was without exception more acid than before, but showed the lowest acidity about three hours later." It seems that the secretion of alkaline saliva renders the urine more acid just after a meal and that the secretion of hydrochloric acid renders the urine more alkaline about three hours after a meal, seeing that it is at this time the acid reaches its maximum in the stomach.
I found that, as a rule, the smallest amounts of ammonia were excreted three hours after a meal, so that the ammonia may be required in the stomach at that time. It seems likely that this is so from the following theory recorded by Macleod [1918] . The stomach mucosa is particularly rich in ammonia which, it is supposed, carries out the hydrochloric acid into the cavity of the stomach, the ammonia passing back again to the cells of the mucosa. Therefore it seems that most ammonia would be required in the stomach three hours after a meal, when the acid secretion is at its maximum. Schittenhelm and A. Loeb and Gammeltoft [quoted by Hammarsten and Hedin, 1914, p. 767] have also observed a fall in the ammonia elimination a few hours after a meal and vice versa. NOTE ON AMINO-ACID EXCRETION. The amino-acids were estimated by subtracting the result obtained by Folin's method of estimating ammonia, from that obtained by Malfatti's method. Table I shows that, with the exception of Tamil IV, the amount of aminoacid nitrogen varied directly with the total nitrogen, being about 0412 g. with a total nitrogen of about 8 g., and about 007 g. with a total-nitrogen of about 5 g. In Tamil IV the amino-acid nitrogen was 0410 g., the total nitrogen being 5-02 g. His ammonia nitrogen was also relatively high. When large* amounts of ammonia were excreted the amino-acids were sometimes increased; at other times they were not altered. The average amino-acid nitrogen per cent. of total nitrogen was about 1-2 with a total nitrogen of about 8 g., and about 1-5 with a total nitrogen of about 5 g. SUMMARY. 1. Further observations were made to endeavour to determine the cause of the frequent excretion of relatively large amounts of ammonia in Singapore, as estimated by Folin's and Malfatti's methods. Some results regarding amino-acid excretion and the alkaline tide were also obtained.
2. The hourly excretion of ammonia in subjects excreting a normal amount of this substance, varied, as a rule, directly as the acidity or inversely as the alkalinity. This supports the theory that urinary ammonia is used to neutralise acid.
3. The hourly variations for those excreting large amounts of ammonia resembled those for individuals excreting normal amounts. Any subject was likely to show an increase, which lasted sometimes for a day, sometimes for several days. The increased excretion was spread out over the whole day and was not confined to the hours of greatest exposure to the effects of the climate. When normal amounts were excreted a similar condition existed. Nevertheless, it is considered that the climate was responsible for the acidosis since the largest daily amounts of ammonia, noted in all subjects, were excreted by the individuals who were most exposed to its effects. It is noteworthy that my subjects appeared to avoid an acid-producing diet.
4. Well-marked alkaline tides, although not constant, were the rule three hours after any meal, being just as frequent after the midday and evening meals as after the morning meal. The traditional ascription of the alkaline tide to the secretion of hydrochloric acid in the stomach was therefore supported.
5. The ammonia excretion in the urine varied inversely as the acidity of the stomach. This supports the theory that ammonia is used to carry hydrochloric acid from the stomach mucosa to the stomach cavity.
6. In Singapore the volume of the urine varied directly as the acidity, in this respect differing from Europe. In some cases, the total acidity was distinctly high, indicating an acidosis.
7. The amino-acids in the urine varied directly as the total nitrogen.
